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LIMITING DEVICE FOR THE STEERING
ANGLE INPUT IN AN ELECTRICAL
STEERING SYSTEM

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is the U.S. National Stage of International
Application No. PCT/EP2014/000387, filed Feb. 12, 2014,
which designated the United States and has been published as
International Publication No. WO 2014/135247 and which
claims the priority of German Patent Application, Serial No.
102013 004 055.8, filed Mar. 8, 2013, pursuant to 35 U.S.C.
119(¢a)-(d).

BACKGROUND OF THE INVENTION

The invention relates to a limiting device for the steering
angle input in an electrical steering system.

In steering systems without mechanical connection to the
steering gear (steer-by-wire), a mechanical feedback is miss-
ing between steering angle input by the driver via the steering
wheel and the actually executed steering angle on the wheel.
The steering gear can thus also move toward the limit stops,
without being noticed on the steering angle input side on the
steering wheel. As a result, infinitely great steering angle
wishes can thus be generated, for example a free spinning of
the steering wheel, without the steering gear being able to
implement these steering angle wishes. It may even result in
damage to the steering system. Further, steering systems of
this type have also no steering wheel blockages whatsoever, a
so-called steering lock, as is expected from current steering
systems for motor vehicles.

US 2003/0146038 A1 discloses a steering system for steer-
ing wheels of a motor vehicle. The steering system includes a
steering wheel in order to command steering wishes to the
steered wheels, and a steering shaft which is mechanically
coupled to the steering wheel. A housing is disposed on the
steering column. A slider element is axially slideable in the
housing, and a groove is formed in the steering shaft to receive
the slider element. The groove includes two end walls to limit
the rotational movement of the steering wheel. Thus, a firmly
defined movement or rotation range of the steering wheel is
defined. A variation of the stop position is, however, not
provided.

US 2004/0011585 Al discloses a steer-by-wire steering
system having a mechanical feedback device that transmits a
steering feel to the driver and which has a positive stop func-
tion. For the stop function, various possibilities of rigid steer-
ing stops are disclosed, mostly by blocking gears or winding
and unwinding of coil springs. A variation of the stop position
is not provided.

Since in electric steering systems without mechanical con-
nection from steering wheel to steering gear, the steering
ratios on the wheel can also be changed fluidly and in fact are
changed, the respective steering stops must track or be
adjusted in a fully variable manner.

DE 603 03 081 T2A discloses a generic limiting device for
the steering angle input in an electric steering system.

SUMMARY OF THE INVENTION

The invention is based on the object to provide a limiting
device for the steering angle input in an electric steering
system, with the limiting device being able to variably adjust
the steer angles in both rotation directions in a simple manner.
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For this purpose, the limiting device according to the inven-
tion for the steering angle input in an electric steering system
is characterized by a gearing arranged on a steering shaft and
allowing an adjustment path for a threaded piece in corre-
spondence with the maximum permissible number of revolu-
tions of the steering wheel, and by steering stops to limit the
adjustment path of the threaded piece, and by a motor-oper-
ated drive mechanism for the steering stops to uniformly
move the steering stops toward one another or away from one
another.

The invention meets the criteria of conventional steering
stops, as known from steering systems with mechanical
action, for steering systems without mechanical action. Fur-
thermore, the steering stops are fully variable and can thus be
suited to the requirements of a steering system without
mechanical action. In particular, when fully variable steering
ratios are involved, the steering stops can be completely read-
justed.

An advantageous configuration of the limiting device
according to the invention is characterized in that the gearing
includes a threaded bushing arranged on a steering shaft and
having an external thread which engages a thread on the
threaded piece, and a motor-driven gearing sleeve with right-
hand and left-hand threads which engage corresponding
right-hand and left-hand threads arranged on the steering
stops. As a result, a smoothly running and reliable gearing is
created by which the steering stops can be variably adjusted
as needed.

A further advantageous configuration of the limiting
device according to the invention is characterized by housing-
fixed guides in the form of guide pins for non-rotational linear
guidance of the threaded piece and the steering stops, thereby
ensuring a simple and reliable linear guidance of the threaded
piece and the steering stops.

A further advantageous configuration of the limiting
device according to the invention is characterized in that, the
threaded piece is driven by a servomotor via a pinion which
engages an external thread of the threaded piece.

A further advantageous configuration of the limiting
device according to the invention is characterized in that the
gearing sleeve is bearing-mounted via slide rings in the hous-
ing halves of the limiting device, and that in particular the
housing halves of the limiting device are bearing-mounted on
the steering shaft via ball bearings. As a result of the bearings,
a secure and smooth support of the gearing sleeve in the
housing halves, on one hand, and of the housing half on the
steering shaft, on the other hand, are realized, so that the
support of the involved components eliminates the need for
introducing an additional resistance force into the steering
system.

Finally, it is advantageous that the function steering lock
can be provided without additional components.

The steering wheel can be locked after removal of the
ignition key or a similar ignition device. For this purpose, the
steering stops are moved in a simple manner in such a way
that the threaded piece is firmly clamped between the steering
stops. This can easily be achieved by the control provided
anyway in the steering system.

Further advantages, features and applications of the
present invention will become apparent from the following
description in conjunction with the exemplary embodiments
illustrated in the drawings.

In the description, in the claims and in the drawing, the
terms used in the below list of reference signs and associated
reference signs are used. It is shown in the drawings:

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 a schematic illustration of a steering-wheel-side
portion of a steering system without mechanical action;
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FIG. 2 a perspective plan view of an exemplary embodi-
ment of a limiting device for an electrical steering system, and
FIG. 3 a sectional view of the limiting device of FIG. 2.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows a schematic illustration of a steering-wheel-
side part 2 of a steering system without mechanical action,
wherein the wheel-side part of the steering system is not
shown for sake of simplicity, since conventional components
are hereby involved. The steering-wheel-side part 2 of the
steering system includes a steering wheel 4 and a limiting
device 6 for the steering angle input, which are arranged on a
steering shaft 8, as well as a feedback device 10, provided to
convey to an operating person a steering feel as perceived in
mechanical steering systems.

The limitation device 6 and the device 10 are controlled by
a control unit 12 which receives inputs from the steering
wheel 4 and from a rotary sensor 14 on the limiting device 6,
with the rotary sensor 14 scanning the rotation movement of
amotor 16 which is provided for adjustment of the limitation
for the steering angle input.

As shown in FIGS. 2 and 3, the limiting device 6 includes
ahousing which is composed of two housing parts 20, 22. The
housing parts 20, 22 have tubular extensions 24, 26 which are
bearing-mounted on the steering shaft 8 via ball bearings 32,
34. The housing parts 20, 22 accommodate the gearing of the
limiting device 6 and have radial shoulders 28, 30 to which the
motor 16 is secured. The motor 16 drives a pinion 38, which
drives the gearing of the limiting device 6.

In the following, the structure of the gearing of the limiting
device 6 will be described.

A threaded bushing 40 is secured to the steering shaft 8 and
has an external thread 42 with a pitch to enable for a threaded
piece 44 an adjustment path which corresponds to the maxi-
mum permissible number of revolutions of the steering wheel
4. The path of the threaded piece 44 is limited by steering
stops 46, 48. The steering stops 46, 48 and the threaded piece
44 are guided by the housing-fixed guide pins 50 and secured
against rotation. Thus, these components move linearly in
alignment with the steering shaft 8.

The steering stops 46, 48 are adjusted via the driven gear-
ing sleeve 52. The gearing sleeve 52 includes a right-hand and
a left-hand thread. The steering stops 46, 48 also have the
corresponding right-hand thread and left-hand thread. As a
result, the steering stops 46, 48 move uniformly toward one
another or away from one another as the threaded sleeve 52 is
rotated.

The gearing sleeve 52 has outer teeth 54 in which the pinion
38 of the drive motor 16 engages, so that the gearing sleeve 52
can be rotated by the drive motor 16. The gearing sleeve 52 is
bearing-mounted in axial and radial directions in two slide
rings 56, 58, which are placed in the housing parts 20, 22 by
a press fit. The steering shaft 8 is supported in the housing
halves 28, 30 by the ball bearings 32, 34.

The force flux upon reaching one of the steering stops 46,
48 is from the steering shaft 8 via the threaded bushing 40, the
threaded piece 44 to the steering stops 46, 48. From there, the
power flux continues to the threaded sleeve 52, which is
supported on the respective housing halves 20, 22 via the
sliding bearings 32, 34. A further movement of the steering
shaft 8 and thus of the steering wheel 4 is therefore prevented
by the impact against the steering stops 46, 48.
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Since all the forces are supported via the threads and the
housing of the limiting device 6, the drive motor 16 is pro-
vided only for non-load adjustment of the steering stops 46,
48 and can thus be dimensioned small and in an energy-
saving manner.

In order to reliably detect the position of the steering stops,
the revolutions of the drive motor 16 are counted by the rotary
sensor 14. These revolutions have a constant correlation to the
position of the steering stops 46, 48 via the translation of the
gearing sleeve 52 and the pinion 38 and the known pitches of
the threads in the gearing sleeve 52 and the steering stops 46,
48. This correlation is calculated in the control unit 12, which,
for this purpose, has the values transmitted thereto.

In order to illustrate the function steering lock or steering-
wheel blockage, the steering wheel 4 is first brought by the
force-feedback drive to neutral position. When this position
has been reached, this information is communicated to the
control unit 12, and the control unit 12 activates via the power
module 18 the drive motor 16. The drive motor 16 drives the
gearing sleeve 52 and thereby jointly moves the steering stops
46, 48, so that the latter firmly clamp the threaded piece 44 in
the middle position. As a result, steering movements in all
directions are thus securely blocked.

The control unit 12 further ensures that the steering-wheel
lock cannot be triggered when the ignition key is not inserted.
A logic circuit can also ensure this (redundancy), by preclud-
ing a closing of the steering stops 46, 48 in conjunction with
inserted ignition key. This prevents that numbers of revolu-
tion that are outside the permitted values during travel are not
implemented by the drive motor 16. Thus, a permanent plau-
sibility check of the desired and actual positions of the steer-
ing stops 46, 48 and a query of the ignition key position take
place.

The invention claimed is:

1. A limiting device for a steering angle input in an electric
steering system, said limiting device comprising:

a housing having housing halves;

a gearing arranged on a steering shaft, said gearing includ-
ing a threaded piece, a threaded bushing which is
arranged on the steering shaft and has an external thread
in engagement with a thread of the threaded piece to
provide for the threaded piece an adjustment path which
corresponds to a maximum permissible number of revo-
Iutions of a steering wheel, and a gearing sleeve having
right-hand and left-hand threads;

steering stops for limiting the adjustment path of the
threaded piece, said steering stops having right-hand or
left-hand threads in engagement with the right-hand and
left-hand threads of the gearing sleeve;

a motor operably connected to the gearing sleeve to uni-
formly move the steering stops toward each other or
apart from one another; and

slide rings supporting the gearing sleeve in the housing
halves of the housing.

2. The limiting device of claim 1, further comprising hous-
ing-fixed guides for non-rotational linear guidance of the
threaded piece and the steering stops.

3. The limiting device of claim 1, wherein the gearing
includes a pinion in engagement with an external thread of the
gearing sleeve, said motor being a servomotor configured to
drive the gearing sleeve.

4. The limiting device of claim 1, further comprising ball
bearings to support the housing halves of the housing on the
steering shaft.



